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Introduction
Most of the recent work on the determination of sex in the higher plants has been done by cytologists and geneticists. These investigations have resulted in the chromosome theory of sex inheritance and sex determination, which is supported by much evidence in the dioecious forms of the higher plants.
Any adequate theory of sex inheritance and determination in the angiosperms must do more than account for the usual approximate 1: 1 ratio of the sexes in dioecious plants. It must also explain the reversal of sexes within the so-called dioecious plants and the determination and development of both types of sporophylls on the same plant, as in the monoecious types. It should even explain the development of both types of sporophylls within one flower, as is the case with the majority of the angiosperms. The segregation of the microsporophylls and the macrosporophylls to individual plants should be considered the exception and not the general case. Any theory of sex determination based only on dioecious types is subject to many exceptions and criticisms.
The absence, or apparent absence, of allosomes in many dioecious plants and the frequency of reversal from the staminate to the pistillate condition, or vice versa, in forms in which allosomes have been reported, have led to differences of opinion as to the final importance of the "sex chromosomes" in sex determination in the dioecious angiosperms. The reversal of the sexes in dioecious plants indicates that sex determination and inheritance may result from the action of two different, but closely related, sets of factors in the development of these plants. The If the chromosome theory of sex inheritance is accepted for dioecious plants, it need not imply that sex determination is finally accomplished by means of the chromatin content alone. The observations in nature indicate that the potentialities for both types of spores are present at all times in all heterosporous angiosperm sporophytes, whether dioecious, monoecious, or perfect with respect to flower types. This has frequently been assumed. In that case dioecism would be considered as the suppression of one type of sporophyll on a given plant and monoecism would imply the suppression of one type of sporophyll only within a given region of the floral structures. The inherent nature to behave in this manner, under the usual conditions of growth, is probably controlled by genetic factors. Whether or not this is the case, there remains the need for an explanation of the controlling internal physiological mechanism that is functioning at the time of determination of staminate and pistillate structures. This internal physiological mechanism is at present the unknown factor. Regardless of our lack of knowledge concerning the nature of this physiological mechanism, it has been assumed to be the fluctuating factor which makes possible the reversal of the sexes in dioecious plants. This same concept can be applied to the development of only one type of fertile sporophylls in one region and of the other type of fertile sporophylls in another region of the same heterosporous plant. The physiological mechanism in question need not be fixed; perhaps it may be changed by an altered environment or by the metabolism of the plant.
Geneticists in general do not attempt to explain the mechanism by which a gene, or set of genes, brings about the manifestation of the particular morphological and physiological characters with which they are connected, but this manifestation is thought to be the result of a series of processes which begins with the interaction between the chromosome substance and the particular type and state of the cytoplasm within which the chromosomes are contained. Many genes are recognized which are influenced, or (11) and Sempervivum futnkii (10) , KLEBS showed clearly that the behavior of these organisms is not controlled by a fixed inner rhythm but is subject to control (within limits) by external factors.
Since the work of KLEBS, the most important advances in the mechanics of development and in our knowdge of the factors determining differentiation in the seed plants have fallen along two general lines. KRAUS and KRAYBILL (12) report a correlation between the carbohydrate and nitrogen content of the tomato plant and fruitfulness. The literature on carbohydrate-nitrogen ratios has become so extensive that no attempt will be made to review it here. The writer knows of no work pertaining to carbohydrate-nitrogen ratios in the two sexes of a dioecious angiosperm.
Another line of advance in our knowledge of the factors determining growth and reproduction in the angiosperms was initiated by GARNER and ALLARD (6) in their work on photoperiodicity. Probably the reaction of the plant to the proper photoperiod is only one means of producing an internal condition favorable to the formation of flowers and of influencing sexual reproduction. It should be possible to produce this same end result by altering one or more factors in the environment of the plant other than the photoperiod.
Some photoperiodic studies have been conducted on dioecious plants.
SCHAFFNER (23, 25) , MCPHEE (15) , and ADAMIS (1) (29) , in an account of the work of CIESIELSKY on sex determination in hemp, referred to the latter's conclusion that sex is normally determined by the age of the pollen at the time of pollination, but BESSEY (2) and BOSE (3) failed to find any support for this theory from their experiments on pollen age and sex.
The cytological aspect of sex inheritance in hemp has been studied by several workers. STRASBURGER (28) and MCPHEE (14) failed to find any apparent sex chromosomes, but SINOTO (26) and HIRATA (9) reported allosomes from studies on meiosis in staminate plants.
The genetical aspect of sex inheritance in hemp has been studied in breeding experiments by MCPHEE (16) regions. Although there is a difference in the quantities of total sugars in the two sexes, it is based chiefly on the differences in the reducing sugars and not on the quantities of non-reducing sugars. Figure 1 presents these facts graphically and also indicates the ranges of variability in the contents of carbohydrates of the two sexes.
The pistillate plants are relatively constant; that is, the analyses show little variation in the percentages of reducing and total sugars in these plants. The are about three times as great as are those for the females. The greater ratios of the males are due chiefly to their higher content of reducing sugars but are partly the result of their lower content of nitrogen. This same situation exists in the ratios of the total sugars to the nitrogen, but the differences between these ratios for the sexes are not so great. It is evident that the main differences in the ratios of the total sugars to the nitrogen are chiefly the result of the differences in the ratios of the reducing sugars to the nitrogen. The constancy of the females is again evident in these ratios, while the males continue to show a greater variability.
The ratios of the polysaccharides to the nitrogen show that the males have a higher average ratio than the females, but the ranges of variability in these two groups overlap. These The spider flower (Cleome spinosa) yields some interesting information with respect to types of flowers formed and the quantity of nutritive materials present. STOUT (27) has described the development of alternating whorls of fertile and sterile flowers in this bisporangiate angiosperm. MURNEEK (19) has altered the nitrogen available to this plant and finds intermittent sterility in plants with an abundance of or with a shortage of available nitrogen in the soil. MURNEEK found a difference in the growth of the plants and in the frequency of the alternating whorls of sterile and fertile flowers, but he was unable to cause the plant to overcome the tendency to form alternately fertile and sterile flowers by changing the quantity of nitrogen available to its roots. The removal of flowers containing fertile pistils has a direct effect on the type of flowers produced in the meristematic region of the spike. The percentage of the flowers able to set seed was increased greatly by this procedure. The intermittent sterility in the spider flower results from the alternation of whorls of flowers with aborted stamens and large functional pistils with whorls of flowers containing aborted pistils and large functional stamens. Thus the functional sex of the flowers of Cleome spinosa varies with some internal regulating condition determining the development of the essential floral parts. Since the removal of fertile flowers and fruits increases the width of the zones of fertile flowers beingf formed nearer the apex of the infloreseence, it seems that the formation of functionally pistillate flowers and the maturation of fruits both require similar, or the same, substances from the plant. Either these substances are not present in sufficient quantities or else they are not conducted to all parts of the inflorescence rapidly enough to permit a continuous formation of fertile flowers and the simultaneous maturation of fruits.
Since the removal of fruits is known to allow the nitrogenous compounds to accumulate in certain plants (18) , it is probable that the fertility of the flowers produced by Cleome spinosa is partly dependent upon the nitrogen supply available in the tissues in close proximity to the flower primordia. If this is true for the spider flower, one might consider that the functionally staminate flowers of Cleome spinosa were formed from meristematic regions lower in certain nitrogenous elements, or with a higher carbohydrate-nitrogen ratio, than the regions forming functionally pistillate flowers. The condition in hemp plants might be essentially the same except that the usual presence of aborted stamens or pistils within the flowers is not encountered. Since these analyses include the whole aerial portions, it is not safe to assume positively that the formation of stamens takes place in tissue with a higher carbohydrate-nitrogen ratio, while pistils are formed in a corresponding tissue with a lower carbohydrate-nitrogen ratio. If this were definitely proved, it would not necessarily follow that the sexual nature of the flower depended entirely on the quantities of these metabolic materials; but it is interesting to note this possible relationship between the sexual nature of the plant and the quantities of sugars and nitrogenous compounds present.
A further investigation into other aspects of the physiological differences and similarities between the sexes in hemp and in other plants is needed before one can properly evaluate the true significance of the carbohydrate-nitrogen ratios with respect to sex determination. Summary 1. The aerial portions of staminate and pistillate plants of hemp were analyzed at the time they were coming into flower. Determinations were made of the total fresh weight of the individual plants and of the moisture, reducing sugars, total sugars, polysaccharides, and reduced forms of nitrogen.
2. Little if any difference in the percentages of moisture and dry matter exists between the sexes of hemp.
3. Staminate plants have higher average percentages of total carbohydrates, polysaccharides, and sugars than pistillate plants under the conditions of these experiments. 4 . The reducing sugars are much more abundant in the staminate plants than in the pistillate plants.
5. Nitrogen is relatively more abundant in the pistillate plants than in the staminate plants. 6 . The carbohydrate-nitrogen ratios of the sexes are discussed with respect to the differences in the sexual expressions and the habits of growth of the plants.
